A new anaesthetic gas scavenging system is described. The resistence of the system appears to be low. When input gas flow rate in the system was zero or 150 litre min , misuse of the system produced pressure changes at its collecting points of 26 Pa subatmospheric and 630 Pa above atmospheric pressure, respectively. Suggestions to develop the system and increase its safety are presented.
The use of scavenging systems for waste anaesthetic gases has been encouraged by the Association of Anaesthetists of Great Britain and Ireland (1979) according to the guidelines issued by the Department of Health and Social Security (DHSS, 1976) . Several devices have been described for receiving and disposing of waste gases (Cameron, 1970; Enderby, 1972; Mclnnes and Goldwater, 1972; Vaughan, Mapleson and Mushin, 1973; j0rgensen, 1974; Murrin, 1975; Enderby, Booth and ChurchillDavidson, 1978) ; devices which often involve the use of long pieces of tubing. Occlusion of these or other parts of the scavenging system has been reported (Burns, 1979; Malloy et al., 1979; Newton, 1981) and may result in airway obstruction or may subject the patient's airway and the anaesthetic circuit to excessive subatmospheric pressures which can cause pulmonary oedema or atelectasis (Sharrock and Leith, 1977) . Therefore, in addition to pollution control, patient safety should be ensured when designing a gas scavenging system. This paper describes the prototype, and its modification, of an anaesthetic gas scavenging system (AGSS) manufactured by Medishield. It also assesses the resistance and flow characteristics of the system.
DESCRIPTION
The Medishield AGSS is designed for active scavenging. Any vacuum system which has a flowlimiting device, and which can extract gas at a flow rate of 150-180 litre min" 1 can be used to drive the system. The flow-limiting device should restrict gas flow rate to a maximum of 180 litre min" 1 . During assessment of the system, a Becker SV2 130/2 sidechannel suction pump was used. The AGSS consists of four components: collecting system, transfer tubing, receiving system and a disposal tube (figs 1,2). The origin of this nomenclature is based on the draft specification currently under consideration by the British Standard Sub-Committee on AGSS SGC/44, B.S.I, (personal communication).
The collecting system consists of the shroud covering of an adjustable pressure limiting (APL) valve (the Superlite Antipollution Expiratory Valve Mk II, Medishield). The shroud has a male thread side-tube with an external diameter of 19 mm. Twometre-long corrugated transfer tubing connects and transmits anaesthetic gases from the APL valve to the receiving system. The transfer tubing, made of disposable antistatic plastic (B. S. 20 50), has an internal diameter of 22 mm. Two 19-mm female conical adaptors are fitted to the inlet and outlet of the tube. The receiving system is made of black anodized aluminium block and has four ports ( fig. 1 ). Port (A) is a 30-mm female cone attached to the transfer tube via a 19/30-mm double male conical adaptor. Port (B) is connected to the disposal tubing by a 22-mm male thread. Port (C) is joined to a safety air break open to atmosphere to offset positive or subatmospheric pressure building up in the system. The air break has a wide end-opening and several small side-holes. Port (D) is adapted to take a clear plastic water trap. The disposal tubing, made of fibre reinforced plastic, has a fixed length of 6 m and a bore of 12.5mm. Its inlet has a metal nut to connect with the male thread at port (B) of the receiving unit. Its outlet has a male metal coupling designed to fit only a gas scavenging terminal unit which is not interchangeable with any medical gas terminal unit. The terminal unit is connected to the vacuum pump operating the AGSS to dispose of waste gases to the exterior of the building.
MATERIALS AND METHOD
Flow and resistance characteristics of the AGSS were investigated in the laboratory and during clinical practice. Gas flow rate was measured by a Fleisch pneumotachograph with a linear response to flow rates up 200 litre min~' and an accuracy of ±2%. Pressure was measured during laboratory and clinical assessment by a Farnell DC micromanometer (a capacitance transducer) calibrated by an inclined water manometer. Outputs from the micromanometer and flow transducer were recorded on a Watnabe multichannel recorder which has a response time of 0.2s. In all tests, gas flow rate in the transfer and disposal tubes was measured at ports A and B respectively (figs 1,2). Simultaneously, the pressure changes at the junction of the APL valve or the anaesthetic circuit with the transfer tube were measured at point E (figs 1,2). Assessments were made during normal operation and during deliberate malfunction of the system. Malfunction of the AGSS was produced in three ways: (1) The AGSS was connected to the anaesthetic circuit and the wall terminal unit, but the vacuum pump was not operating (fault I).
(2) In addition to fault I, the air break was partially occluded by fitting a rubber stopper in its end opening (fault II). (3) The air break was occluded as in (2). The AGSS was then connected to the anaesthetic circuit and the wall terminal unit while the vacuum pump was operating (fault III).
Faults I and II altered the AGSS from an active to a passive system and also increased its resistance. Fault III was designed to create excessive subatmospheric pressure at the collecting system. During all experiments, except those for faults I and II, the vacuum pump was adjusted to maintain a suction flow rate of 150 litre min" 1 . This flow was monitored both before and after each test. 
Laboratory assessment
The resistance of the AGSS was measured against gas flows fed directly into the transfer tubing. Pressure changes at point E were measured at air flow rates in the transfer tube of 0, 30, 90, 130 and 150 litre min" 1 .
Assessment in clinical practice
Spontaneous respiration. A Mapleson A system, in which the APL valve replaced the Heidbrink expiratory valve, was used to administer anaesthesia. Gas flow rate and pressure changes in the AGSS were measured as described above.
Controlled ventilation. Gas flow rate from the expiratory port of the Manley Ventilator (Mushin et al., 1978) and the pressure changes at the junction of that port with the transfer rube were measured during controlled ventilation in anesthetized subjects.
RESULTS

Laboratory assessment (table I)
It can be seen that at zero flow rate subatniospheric pressures of 25 and 98 Pa were produced during normal operation and in the presence of fault III respectively. The maximum resistance of the Controlled ventilation. A resistance of 150 Pa was recorded at the junction of the transfer tube with the expiratory port of the ventilator when gas flow rate was 85 litre min" 1 . Fault II increased this resistance to 180 Pa.
DISCUSSION
At present some ventilators used in anaesthesia, such as the Manley Ventilator, may on occasions discharge expired gases, if only for a short time, at a peak flow greater than 70 litre min"
1 . AGSS, such as the Medishield 135580, which is designed to scavenge waste gases up to 70 litre min" 1 , cannot capture and dispose of all anaesthetic gases efficiently from such a ventilator.
The system described above was designed to scavenge input gas flows of 150 litre min" 1 or greater. It was also designed to conform with patient safety requirements of the draft specification on of the British Standards Institution. The draft hydrodynamic requirements for patient's safety are shown in table I.
It can be seen from the results that, during normal operation, the resistance of the AGSS was well within the specified values in the draft (table I) . Similarly, the resistance of the system during faults I and II at flowrates of 30, 90 and even 150 litre min" 1 were less than those specified. However, at zero flow and during spontaneous breathing fault III produced a subatmospheric pressure of 98 Pa. The magnitude of this pressure is nearly twice aS great as that specified for subatmospheric pressure acting on the patient. In a letter, Mostafa and Sutcliffe (1982) pointed out that such subatmospheric pressure may be sufficiently great to keep a low-resistance APL valve open during anaesthesia and both expired and fresh gases may be scavenged from the anaesthetic circuit. Therefore, to prevent excessive subatmospheric pressures developing at the collecting system, the air break of the AGSS was modified. An open-ended cylindrical cowl was placed over and attached to the air break by four struts (figs 2,3). This arrangement ensured that, if the outer opening of the cowl was occluded, communication between the air break and atmosphere was adequately maintained via the patent inner opening of the cowl. The resistance and subatmospheric pressure produced by the modified system were investigated in the laboratory in a manner similar to that used for the prototype. The outer opening of the cowl was occluded instead of the air break while reproducing ation. The system is quiet, small and light. It has been in use in this hospital during clinical anaesthesia for nearly 2 years without significant problem. In our view, if a pressure relieving valve and a pressure or a flow indicator are fitted to its transfer and disposal tubing respectively, it will further enhance the safety of the system. These modifications can be incorporated easily in the AGSS at a small cost. The system otherwise appears to comply with patient safety requirements of the B.S.I, draft specification. From our experience, and in view of ...the potential risks involved in using active scavenging systems, we believe that the hydrodynamic characteristics of any AGSS should be tested at installation and at regular intervals thereafter, as recommended by the DHSS (1981). faults II and III. Table II shows that the modified system has a lower resistance than that of the prototype. Furthermore, the subatmospheric pressure produced by fault III was 24 Pa less than that specified in the draft. However, the system did not appear to allow for accidental obstruction of the transfer tube, which is likely to increase resistance to expiration considerably (Newton, 1981) . To protect patients against such a high resistance, a pressure relieving valve, fitted in the transfer tube close to the APL valve, would be desirable (Newton, 1981; Ward, 1981) . The system also lacks pressure, or gas flow, indicators attached to its disposal tubing to show that the AGSS is activated or otherwise.
The modified system is now commercially available (Medishield, 1364495) . It offers negligible resistance to expiratioq during both normal operation and the malfunctions produced during this investig-
